discussion worldwide. Plants are cultivated in ecological systems and it is possible to obtain clothes made from bio-cotton, a trend which could continuewith the return of plant dyes (Muthu 2014) . Besides, less pollution associated with their production and lower health risks, natural dyes have several advantages, including the fact that they can be recycled (Ul-Islam 2017) , easily renewed and safe. The fact that many plant dyes have no chemical affinity to fibres, means it is considered necessary to use mordant,1 as the most common metal salts (Krohn-Ching 1980) . But there are some exceptions as dyes derived from plants fall into two groups: substantive dyes, which do not require mordant (e.g. lichens and walnut hulls) and adjective dyes, which require the addition of mordant (Siva 2007) .
The use of metal salts, however, has health and environmental implications (Muthu 2017) . Lot of them are considered as poisonous (Mitra 2015) . The goal of this study is to determine dyeing potential of two Asteraceae species Tagetes paniculatum (French marigold) and Tanacetum vulgare (tansy) both of which do not require the use of mordant.
Materials and methods

Plant material
For our experiment we choose two common garden plants that are widely grown in the Czech Republic. The first species, was the annual Tagetes patula which were in two different flower colour modifications; orange and orange-brown. The plants's seeds were obtained from the Moravoseed Company and grown, with a spacing distance of 0.3 m between plants. They were grown under sunny, warm conditions and irrigated to provide best possible
Introduction
The end of the era of plant dyes accelerated the discovery of artificial dyes. In 1771 picric acid was obtained by oxidation of indigo (Freeman and Peters 2000) , in 1856 the synthesis of mauveine (Bergamini and Silva 2016), in 1859 fuchsine (Schaefer 2015) , followed by alizarine dye in 1869 (Bensaude-Vincent and Stengers 1996) . Plant dyes then ceased to be popular and their use started to diminish (Muthu and Gardetti 2015) . But the current trend seems to be opposite. Terms, like ecologically sensitive production, local production, recycling sustainable development and slow fashion are currently amongst the popular issues of yields. Both grown cultivars have full, rich flowers which bloom in August. Inflorescences were collected during sunny, dry days, in the morning and dried in a dark warm place. Dried flowers were stored in paper bags and kept in the dark at room temperature until the dye bath preparation.
With the second species,Tanacetum vulgare, inflorescences were collected directly from their natural environment, from meadow area near the town of Podivín (South Moravia). Inflorescences were cut from the plants in the first half of September and dried and stored in the same way as inflorescences from the Tagetes plants.
Dyeing baths
We prepared five types of colouring baths as follows: -The first bath was made from a slow infusion of fresh orange Tagetes inflorescences. For this bath we used 180g of freshly picked Tagetes flowers which were soaked in 4 litres of water and left at room temperature for 18 hours. Then the solution was boiled at 85°C for one hour and then filtered and used for dyeing. -The second bath was also made from a slow infusion of fresh orange-brown Tagetes inflorescences. We used 180g of freshly picked Tagetes flowers which were soaked in 4 litres of water and left at room temperature for 18 hours. Then the solution boiled at 85°C for one hour and filtered and used for dyeing. -The third bath was prepared from ashort infusion of fresh Tagetes inflorescences (mix of both colours). For this bath we used 150g of freshly picked Tagetes inflorescences which were soaked in 4 litres of water and boiled at 85°C for one hour and filtered and used for dyeing. -The fourth bath was made from a short infusion of dry Tagetes inflorescences. The bath was prepared from 150g of dried Tagetes inflorescences which were soaked in 4 litres of water and boiled at 85°C for one hour and then filtered and used for dyeing.
-The fifth bath was made from a short infusion of dry Tanacetum inflorescences. This was prepared from 150g of dried Tanacetum inflorescences which were soaked in 4 litres of water and boiled in 85°C for one hour and then filtered and used for dyeing.
Textile material
Five different textile samples were dyed in each type of dyeing bath. Characteristics of the used textile material are as follow: From first four types of textiles, (cotton, canvas, sloter, ortalion) we took a rectangle samples of size 19 x 11 cm. For wool we used 22 strings, of 24 cm in length each. All samples were rinsed in clean water with bit of commercial cleaning detergent to discard any grease remnants from the samples. Immediately after washing, the wet textile samples were immersed into the prepared dyeing baths. For baths number one and two, samples were soaked in the dyeing bath for one hour and then boiled at 85°C hot bath for a further hour. For the rest of dyeing baths we boiled the samples at 85°C hot bath for one hour only. After one hour, samples were taken out from bath.
After bath, all samples were rinsed well, firstly with clean hot water and then with clean lukewarm water. Consequently, the samples were rinsed in one litre of cold water mixed with 100 ml of vinegar, to help stabilize the colours. All samples were dried naturally by air, at room temperature, in a laboratory for 24 hours. The colour of each dried sample was evaluated with RHS colour chart (concretely, RHS chart from year 2006 with 884 colours). The first colour evaluation of textile samples was performed one day after dyeing and then was repeated after 30 and 60 days to determine if there was any colour degradation.
For each type of dyeing bath, one cloth from each material was used. This was mostly due to the fact that we were uncertain in the beginning if the chosen approach would work. Notably, the whole experiment 
Results
From the results in Table 1 , 2 and 3 it is clearly visible that there were just small differences in measured colours after 30 days and no difference after another 30 days of storage. Dyed textile samples have maintained their colour for a long time and with only some sligh fading towards a lighter shade. This is clearly visible on the change of letter beside the colour code. Each colour has four shades marked from most intensive colour (letter A) to least intensive (letter D).
From the results, there was a significant difference in colours obtained by using different dyeing baths. In case of cotton, the darkest colour was obtained by slow infusion of fresh orange Tagetes inflorescences and the lightest colour was obtained with short infusion of dry Tanacetum flowers dye bath.
Surprising result showed a successful colorization of ortalion samples (see Figure 1) , a material made of artificial fibers. According to literature (Bremness 2003; Bidlová 2000; Purwar 2016 ), the dyeing of synthetic fabrics with natural dyes requires pre-treatments to generate hydrophilic groups, which is important, because without using any metal salts in dye baths. Our findings have confirmed previous results of Siva (2007) which showed that mordant are not necessary. The colouration of artificial fibres by natural origin dyes was a surprising result. Ortalion is made of polyester, which is a synthetic polymer created of purified terephthalic acid (PTA) or its dimethyl ester (DMT) and mono-ethylene glycol (MEG). Polyester is hydrophobic and tends to dry very quickly. The lack of polarity and the very crystalline structure of polyester resist the entry of water molecules into the polymer system (Purwar 2016) . That is reason why, in general, natural dyes are applied to polyester fabric by the exhaust dyeing method. Hasan et al. (2014) have applied purified curcumin on polyester using the exhaust dyeing method and obtained various shades of yellow colour like brown orange and black orange with different dyeing parameter of pH value, temperature and time. But there is also the possibility to obtain good results with dyeing baths. Mohamed (2010) studied the effect of dye bath using onion and henna on polyester fabric, although in both those cases, premordanted fibres were used. In our experiment ortalion samples were dyed successfully without the mordant, thus we consider in our study the key role that the temperature of bath plays most possibly by binding the dyes and modifying the fibres of ortalion.. many plant dyes are soluble in water, as water is a carrier between the dye and fabric. On the other hand, results from sloter, which is also material made from artificial fibres, were poor. Only sample which has irregular yellow coloured spots was sampled? from short infusion of dry Tagetes flowers dyeing bath. Canvas, with a high proportion of natural fibres was dyed with less intensive) than ortalion. The resultant colours were light yellow to light brown or creamy.
Wool, the only sample of animal origin, was also dyed with less intensity. The only intense colour was obtained by short infusion of dry Tagetes flowers dyeing bath which changed the sample to colour orange-brown.. Other samples obtained just weak, light yellow colour which could only be observed when compared with the non-dyed textile sample.
Discussion
Tagetes and Tanacetum are stated in literature as popular dyeing plants (Vankar 2000; Siva 2007; Jothi 2008; Soukupová 2009 ), however, the use of metal mordant as an essential ingredient (Bremness 2003 ) is common to obtain high levels of colour intensity. Our results prove it otherwise and we obtained good and, strong colours 
